The chemical composition of the essential oils of Senecio othonnae, S. racemosus, and S. nemorensis obtained by hydrodistillation of fresh flowers were analysed by GC-FID and GC-MS. A total of seventy-six compounds were identified, constituting over 83.1%, 97.7% and 86.8% of the total oil composition of the flowers of S. othonnae, S. racemosus, and S. nemorensis. The main components of the oils were caryophyllene oxide (18.6%), (E)-β-farnesene (21.6%), and γ-curcumene (42.8%), respectively. Sesquiterpene hydrocarbons were the main group of constituents of all three species, forming 34.6%, 73.2%, and 81.8% of the oils, respectively. The oils of S. othonnae, and S. nemorensis showed antimicrobial activity against Bacillus cereus, Staphylococcus aureus, Enterococcus faecalis, and Candida tropicalis, but that of S. racemosus was only active against Candida tropicalis.
Senecio L. is the largest genus in the Asteraceae and more than 1500 species have been reported [1a-1d] . Of these, 39 are naturalized in Turkey [1c,1d] and 14 are endemics [1a,1c,1d ]. This genus is rich in sesquiterpenes [1b] and pyrrolizidine alkaloids [1b] . In our continuous interest in Senecio species, we have investigated the essential oils of S. othonnae Bieb., S. racemosus (Bieb.) DC., and S. nemorensis L., and their antimicrobial activity.
The major compound in the essential oils isolated from the flower, leaf and stem parts of S. trapezuntinus was (E)-β-farnesene (26.3%, 16.9% and 31.2%, respectively [2a] . p-Cymene (29.3%) and α-phellandrene (24.7%) were the major constituents of the herb oil of S. squalidus [2b], whereas the main components of the essential oil of S. longipenicillatus were α-pinene, (48.3%), α-humulene (15.8%), and germacrene-D (15.5%) [2c] . The major constituent in the oils of the flower, leaf, stem, and root of S. aegyptius var. discoideus was 1,10-epoxyfuranoeremophilane (from 46.4% to 69.0%) [1b]. α-Terpinene (60%), p-cymene (14%), terpinen-4-ol (5.5%), and α-phellandrene (4%) were major compounds in the essential oil of S. graveolens leaf [2d], but the essential oil obtained from the flower of S. farfarifolius contained α-pinene (48.3%) and 1,8-cineole (10.3%) as its main components [2e]. Monoterpene hydrocarbons predominated in the essential oil of the aerial parts of S. nutans [2f]. β-Pinene (13.0%) and (E)-caryophyllene (28.6%) were the major compounds in the essential oils from the flowers of S. vernalis and S. platyphyllus var. platyphyllus, respectively [3] . Monoterpenoids and sesquiterpenoids are the main constituents in all reported Senecio species, but aldehydes, saturated and unsaturated hydrocarbons, fatty acids, and esters have also been reported for some of the species [2a-2f,4a-4e].
In the present work, we report the constituents of the essential oils from the flowers of S. othonnae, S. racemosus, and S. nemorensis. Identification of the compounds was made by library searches (NIST, Wiley) and literature comparison [3] [4] [5] [6] [7] [8] [9] . GC-MS analysis of the essential oils of the flowers of NPC Natural Product Communications 2010 Vol. 5 No. 5 831 -834 S. othonnae, S. racemosus, and S. nemorensis allowed the identification of 56, 38, and 37 components, respectively ( Table 1 ). The number of volatile compounds present in S. othonnae was greater than that in S. racemosus and S. nemorensis. The results clearly indicate that the major constituents of the essential oils of the flowers of the three species were different and that S. nemorensis gave the least amount of essential oil.
Qualitative and quantitative determination of the essential oil samples showed that the major constituents were sesquiterpenes and oxygenated sesquiterpenes, of which the sesquiterpene hydrocarbons were the main group of constituents in all three species (34.6%, 73.2%, and 81.8%, respectively). All three essential oils contained non-terpenic constituents (14.9%, 17.6%, and 1.9%, respectively).
The main components of S. othonnae were caryophyllene oxide (18.6%), E-caryophyllene (13.7%), and α-cadinol (7.4%). (E)-β-farnesene (21.6%), E-caryophyllene (20.0%), and γ-amorphene (19.1%) were the major compounds of S. racemosus, while only γ-amorphene could be seen in the flower oil of S. racemosus. The major component of S. nemorensis was γ-curcumene (42.8%) which was not present in the oil of either S. othonnae or S. racemosus.
In comparison with the previously reported essential oils of Senecio species, sesquiterpene hydrocarbons were the major constituents in all cases [2-4]. E-caryophyllene, (E)-β-farnesene, γ-curcumene, γ-amorphene, and β-curcumene were sesquiterpenes Essential oil of Senecio trapezuntinus Natural Product Communications Vol. 5 (5) 2010 833 detected in our case as major compounds. However, the general chemical profile of the essential oils of S. othonnae, S. racemosus, and S. nemorensis showed some differences which may be explained by the environmental factors, the subspecies, and the parts of the plant used.
The antimicrobial activities of the essential oils were tested in vitro using the agar-well diffusion method (Table 2) [10] [11] [12] . The oils of S. othonnae, and S. nemorensis showed antimicrobial activity against Bacillus cereus, Staphylococcus aureus, Enterococcus faecalis, and Candida tropicalis, but no activity was observed against Escherichia coli, Yersinia pseudotuberculosis, Klebsiella pneumoniae, Pseudomonas aeruginosa, Listeria monocytogenes, and Candida albicans. The essential oil of S. racemosus gave antimicrobial activity only against Candida tropicalis. In the literature, biological activity of the essential oils of Senecio aegyptius var. discoideus Boiss. was tested against E. coli, K. pneumoniae, S. aureus, B. subtilis, C. albicans,and A. flavus. The inhibition zone diameters produced were in the range of 3 to 20 mm, which are similar to our case (Table 2) [3] .
Experimental
Plant material: Senecio racemosus (Bieb.) DC. was collected from Çaykara-Demirkapı Village, Trabzon (at a height of ∼2300 m) in the northwestern part of Turkey in July 2007. S. othonnae Bieb. and S. nemorensis L. were collected from Posof-Gönülaçan Village, Ardahan (at heights of ∼1930, and 1920 m, respectively) in the northwestern part of Turkey in August 2007. The plants were authenticated immediately after collection [1a,1c, 1d] . Voucher specimens were deposited in the Herbarium of the Faculty of Forestry, KATO (KATO: 8002, 8038, and 8060), Karadeniz Technical University, Turkey.
Isolation of the essential oils:
The flowers of fresh S. othonnae; S. racemosus; and S. nemorensis were separated, frozen in liquid nitrogen, and then powdered. Crude essential oils were obtained from approximately 102 g, 80 g, and 100 g, respectively by hydrodistillation in a Clevenger-type apparatus [3, [5] [6] [7] with a cooling bath (-12 o C) system (4 h) (yields: 0.12%, 0.08%, and 0.18%, v/w, respectively). The obtained oils were dissolved in HPLC grade n-hexane (0.5 mL), dried over anhydrous sodium sulfate and stored at 4-6ºC in sealed brown vials. One μL of each essential oil was injected separately into the GC and GC-MS instruments.
Gas chromatography (GC) analysis:
Capillary GC-FID analysis was performed using an Agilent-5973 Network System, equipped with a FID (supplied with air and hydrogen of high purity) and a split inlet. The chromatographic column used for the analysis was a HP-5 capillary column (30 m x 0.32 mm i.d., film thickness 0.25 μm). Helium was used as the carrier gas, at a flow rate of 1 mL/min. The injections were performed in splitless mode at 230°C. One μL essential oil solution in n-hexane (HPLC grade) was injected and analyzed with the column held initially at 60°C for 2 min and then increased to 240°C with a 3°C/min heating ramp. The sample was analyzed twice and the percentage composition of oil was computed from the GC peak areas without using correction factors.
Gas chromatography-mass spectrometry (GC-MS) analysis:
GC-MS analyses of the essential oils were performed using an Agilent-5973 Network System. A mass spectrometer with an ion trap detector in full scan mode under electron impact ionization (70 eV) was used. An HP-5 capillary column (30 m x 0.32 mm i.d., film thickness 0.25 μm) was. employed for the analysis, with helium as carrier gas, at a flow rate of 1 mL/min. The injections were performed in splitless mode at 230°C. One μL essential oil solution in n-hexane (HPLC grade) was injected and analyzed with the column held initially at 60°C for 2 min and then increased to 240°C with a 3°C/min heating ramp. Agar well diffusion method: A simple susceptibility screening test using an agar-well diffusion method [10] , as adapted earlier [11, 12] , was used. Each microorganism was suspended in Mueller Hinton (MH) (Difco, Detroit, MI) broth and diluted approximately to 10 6 colony forming units (cfu) per mL. They were "flood-inoculated" onto the surface of MH agar and Sabouraud Dextrose Agar (SDA) (Difco, Detriot, MI) and then dried. For yeast-like fungi, SDA was used. Mueller Hinton and Sabouraud Dextrose agars containing 0.25% (v/v) Tween 20 were used for the agar well diffusion method. Five mm diameter wells were cut from the agar using a sterile cork-borer, and 50 μL of the test substances were delivered into the wells. The plates were incubated for 18 h at 35°C. Antimicrobial activity was evaluated by measuring the inhibition zone produced against the test organism. Ampicillin (10 μg) and Flukonazol (5 μg) were standard drugs. N-Hexane was used as solvent control.
